In a study of the natural history of staphylococcal infection we have observed a total of 3,986 patients treated in one or other of three surgical wards at St. Bartholomew's Hospital during the past five years. It was soon apparent that one factor of great importance in the causation of sepsis was the difference that exists between the pathogenic activities of different strains of Staphylococcus alrei.s (Shooter et fl., 1958). We also found that those of our patients whose noses were colonized with staphylococci during their stay in the ward suiffered a much higher sepsis rate than those who remained non-carriers (Williams et al., 1959 " cubicles" built into the ward. These Cubicles were constructed of wood and glass and the walls reached from floor to ceiling. Each had a wash-basin, and an extract-fan was fitted in the window so that air from the cubicle did not return to the ward; the exhaust fans were run continuotusly, and the cubicle door was kept closed whenever the patient in the cubicle needed isolation. The side-wards did not have controlled ventilation, but were 25 feet (7.5 metres) from the main ward along a corridor.
In a study of the natural history of staphylococcal infection we have observed a total of 3,986 patients treated in one or other of three surgical wards at St. Bartholomew's Hospital during the past five years. It was soon apparent that one factor of great importance in the causation of sepsis was the difference that exists between the pathogenic activities of different strains of Staphylococcus alrei.s (Shooter et fl., 1958) . We also found that those of our patients whose noses were colonized with staphylococci during their stay in the ward suiffered a much higher sepsis rate than those who remained non-carriers (Williams et al., 1959) .
From the start of our investigations in two of the wards, A and B, we had, on empirical grounds.
isolated patients infected with tetracycline-resistant staphylococci in side-wards whenever possible. The observation that relatively few strains of staphylococci had epidemic propensities supported the idea that isolation of the carriers of dangerous strains might reduce the incidence of sepsis, and in 1959 four isolation ctubicles were constructed in one of the wards (B) . This enabled the isolation policy to be ptursued with greater ease and completeness.
We have now tried to assess the valqe of our isolation policy in preventing post-operative wound sepsis and in controlling the spread of staphylococci generally. Most of the analyses are based on the records from wards B and C, but results for ward A, which was studied only in the earlier part of our investigation, are included when possible. We also report here the results of a compal-ison of the tise of cotton blankets in place of woo! in one ward (B).
Materials and Methods
The WVards.-The general arrangement of the wards (A, B, and C) was described in our previous papers. All three were general male surgical wards, but there were especially large numbers of patients undergoing rectal surgery in ward A, vascular surgery in ward B. and urinary tract surgery in ward C. All three wards had a total of three beds in two side-wards, and in addition ward B had, from July, 1959, four " cubicles" built into the ward. These Cubicles were constructed of wood and glass and the walls reached from floor to ceiling. Each had a wash-basin, and an extract-fan was fitted in the window so that air from the cubicle did not return to the ward; the exhaust fans were run continuotusly, and the cubicle door was kept closed whenever the patient in the cubicle needed isolation. The side-wards did not have controlled ventilation, but were 25 feet (7.5 metres) from the main ward along a corridor.
Nursing Roltine. In wards A and B all patients who were infected with or were carriers of tetracyclineresistant staphylococci were nursed in isolation whenever there was a bed available in a side-ward or a cubicle. Since admission to isolation depended on the results of bacteriological examination, there was inevitably a delay between the time when a patient became infected and the time he was transferred to isolation. In ward C infected patients were not isolated. Strict non-touch dressing techniques were used in all the wards ; gowns were worn when nursing patients in isolation in ward A but not in ward B. Cleaning equipment used in the isolation rooms was not Llsed in the main ward. Woollen blankets, when soiled, were laundered after the discharge of a patient who was known to have an infected lesion and, otherwise, at irregular intervals. The cotton blankets introdLuced into ward B were laundered after the discharge of each patient and, in addition, at monthly intervals for long-stay patients.
Bacteriological Routtine.-Nasal swabs were taken from patie-nts on the day of admission or as soon after as possible ; thereafter all the patients in the ward had their noses swabbed on one day each week. Bacteriological examination was made of material from all septic lesions, suspected chest infections, and so forth. During the latter four years swabs were also taken from healthy wounds at the time of the first post-operative dressing. All cultures were examined for staphylococci, and coagulase-positive strains were tested for antibiotic sensitivity and phage type. Chienmoprophylaxis. During one six-month period neomycin nasal prophylaxis was used in ward B, a small amount of 1 % neomycin or later "naseptin" cream being administered to all patients twice daily, and soap containing 2% hexachlorophene was used for washing. This period has been excluded from all analyses, except when mentioned specifically.
Calendar of Experiments.- Fig. 1 shows the periods during which,the various investigations were carried out in the wards. For brevity we refer to A and B as the "isolation ' wards and C as the " non-isolation" ward. The analysis was confined to types of staphylococci that seemed able to spread in the ward, shown by their isolation from two or more patients within a period of 14 days. Each staphylococcal type was then considered separately, and for each day of the period during which it was present in the ward we noted whether (a) all carriers and infected patients were being nursed in isolation, or (b) some were present in the open ward. We also recorded the number of patients who were found to have acquired the specific staphylococcus on each day of observation. The figures from all the different staphylococcus types and for the three wards were summated. We could thus express the number of acquisitions of staphylococci on days when all the known sources of the specific types were in isolation as a ratio to the total number of days on which there were such carriers in the isolation rooms and not in the open ward, and so compare the frequency of spread in the various circumstances.
A number of assumptions and conventions had to be adopted; most are concerned with the interpolation needed because after admission the patients had nasal swabs taken at weekly intervals. The conventions are illustrated in Fig. 2 .
Patients were assumed to be infected from the day midway between a negative and a positive culture provided the interval between the cultures was not more than seven days; and from a positive culture to the day of discharge from the ward provided this was not more than seven days after the day of the culture (patients A and B in Fig. 2 ). Patients not swabbed on admission were also regarded as infected from the day pNOS0S, C) 1 2 2 2 2 2 2 2 3 3 3 3 3 3 3 2 2 1 I I POS-ITIVE LESIONS 0000000 1 2 2 2 2 2 2 1 2 2 2 2 2 2 2 POSITIVE Incidence of Sepsis Of the 2,555 patients included in the analysis, 1,677 had surgical operations; 100 (6%) of the operation wounds showed post-operative sepsis, in 72 cases (4.3% of all wounds) due to Staph. aureus. An additional 20 wounds (1.2%) were found to be colonized with staphylococci but were not diseased.
Of 72 wounds with post-operative staphylococcal sepsis, only five showed signs of the sepsis within five days of the operation; in 27 sepsis was first recognized between 6 and 10 days after operation, and in the remaining 40 it was not seen until 11 days after operation. Of the 72 wounds, 62 yielded staphylococci from their first post-operative swab and 10 are known to have been free of staphylococci at the first swabbing.
Sepsis in Relation to Nasal Carriage Table II shows the relation of staphylococcal sepsiswound infection and other septic lesions-to the patients' carrier state. It is based on patients in wards B and C, and includes the records of some of the patients analysed in our previous report (Williams et al., 1959) . Analysis of the available records from ward A shows close similarity. There was a striking difference between the frequency of staphylococcal wound sepsis in patients who were never nasal carriers (1.3o%) and those who entered the ward as non-carriers and became carriers while in the ward (11.9%) or who changed their type of staphylococcus while in the ward (12.4%). The rate for the permanent carriers was intermediate (3.4%). " Other" staphylococcal sepsis was also more frequent in the patients who acquired staphylococci in the ward.
There were 38 cases of staphylococcal wound sepsis in nasal carriers with staphylococci of the same type isolated from nose and lesion. Twenty of these patients were nasal carriers of the lesion type six or more days before the sepsis developed, and a further eight were found to be nasal carriers between one and five days before the appearane-_ of sepsis. In only 4 of the 38 was the staphylococcus not isolated from the nose until more than five days after the appearance of sepsis. Table IL also shows, however, that the patients who acquired staphylococci in their noses in the ward had more non-staphylococcal sepsis than the non-carriers. We therefore sought other differences between those who acquired staphylococci in the ward and those who did not. The most striking difference was in length of stay in the ward (Table Ill) : the mean stay for the (Table  IV) and in those having certain operations, especially genito-urinary surgery and operations on ischaemic limbs (see Table V ). The effect of age may, in part at least, reflect the slower rate of healing in old age, with consequent increase in exposure to infection. Smoke tests carried out on several occasions showed that when the fans were working and the doors only slightly open there was no flow out of the cubicles into the ward. This was confirmed by liberation of nitrous oxide into a cubicle with subsequent sampling outsid;e, uLsing the equipment described by Lidwell (1960) . When the door was widely opened there was some reflux from the cubicle into the ward.
Bacteriological testing by means of simultaneous airsampling in main ward and isolation cubicle was not entirely satisfactory. Thus on 3 out of 10 occasions staphylococci of the same type as in the cubicle were found in the ward air, but it was not possible to exclude the possibility of undetected carriers in the main ward. On a further-four occasions high air counts were obtained in the cuLbicles by shaking the patient's blankets; despite concentrations up to 53 staphylococci per cubic foot (1,870 per cubic metre) in the cubicle, no staphylococci of the particular type were found in the main ward.
In wards A and B the side-wards along the corridor were also used for isolation. These had no mechanical ventilation, but the structure of the building had the effect, in ward A, of providing a steady outflow of air from the main ward. The ventilation pattern in the side-rooms of ward B was variable and there must sometimes have been reflux of air fronm these rooms into the main ward; the side-rooms were not, however, often used for the isolation of infected patients after the construction of the Cubicles in the ward.
Some difficulty was experienced at first in persuading patients to remain in the isolation cubicles in ward B with the doors closed, for they could see the other patients in the ward around them but could not converse with them. On one occasion at least we believe that cross-infection from an isolated patient was attributable to the patient having switched the fan off. This was at a time when we had a rapidly spreading epidemic of staphylococci of type 53/77 which led us to attempt control by neomycin prophylaxis. The period of this epidemic and of the neomycin prophylaxis is omitted from the subsequent analyses because early in the epidemic there were too many infected patients for isolation to be practicable.
Sepsis Rates
The incidence of post-operative wound infection in ward B (excluding the 53/77 epidemic just mentioned and the period during which neomycin prophylaxis was in use) was 3.8%; that in the non-isolation ward (C) was 4.5%. As we have already indicated, a simple direct comparison is not satisfactory because of the differing nature of the operations. T The mean stay in hospital for varicose-vein operation is 9-7 days in the isolation ward, but only 4-8 days in the non-isolation ward.
Other operations were as follows: lumbar sympathectomy (B, 58; C, 3), cervical sympathectomy (B, 9; C. 0), eye operations (B, 0; C, 62), niastectomy (B, 5; C, 4), cholecystectomy (B, 15; C, 17), thyroidectomv (B, 9; C, 5), thoracic operation (B, 6; C, 0). mixed operations (B, 12; C, 21). numbers in one of the wards than in the other, or were, like minor limb operations, different in nature; or, as in the case of operations on varicose veins, there was a major difference in the routine of post-operative management. For the common list of operations the sepsis rate was 2.7% in the isolation ward and 6.1%°,, in the non-isolation ward; this difference is not statistically significant (SEd 3.6).
There was no striking difference between the two wards in the incidence of other staphylococcal sepsis.
Carrier Rates
Of the patients swabbed on admission to w%ard B (isolation) 1.90"f()were carrYing tetracycline-r-esistant staphyloCocci in the nose compared with 3.2%X, of the patients admitted to the non-isolation ward C. In both wards the patients acquired staphvlococci in their noses, BRITISH MEDICAL JOURNAI.
278 AUG. 4, 1962 but the rate of acquisition was much slower in ward B than in ward C (Fig. 3 ): among patients who had been in the ward six weeks the proportion carrying tetracycline-resistant strains was 11% in ward B and 230°' in ward C. A similar analysis for the other ward (A), which had been studied earlier and which had only sideward isolation rooms, showed a rate of acquisition of resistant staphylococci very similar to that of ward B. resistant strains were actually present in the open ward, many of the " non-isolation " days in fact refer to the isolation wards. Furthermor_, since the analysis was based on all episodes in which a particular type of staphylococcus infected two or more patients, regardless of its tetracycline-resistance, some of the incidents concern staphylococci for which isolation was not considered.
Comparison of Wounds and Nasal Carriers as Source of Infection
It was first necessary to discover whether nasal carr-iers were more or less liable to give rise to cross-infection than patients with septic lesions. The results of an analysis based simply on cross-infection from patients in the open ward are presented in Table VII There was an indication that epidemic spread of staphylecocci was less in ward B than in ward C (Table  VI) . Thus there were fewer epidemics due to tetracycline-resistant staphylococci, a lower proportion of all the septic lesions were due to " epidemic " types of staphylococci that is, strains causing more than two cases of sepsis in one episode and a rather higher proportion of the sepsis was attributable to staphylococci carried by the patient on admission. The numbers of cases or incidents on which these proportions are based are, however, rather small, so that by themselves they would have little significance.
The second isolation ward (A) was in several respects intermediate between wards B and C (Table VI) (8) 9-3 (38) 8-6 (46) 2 4-1 (7) 8-6 (32) 7-2 (39) 3 8-2 (15) 3-4 (9) 53 (24) 4 6-7 (11) 7-8 (11) 7-2 (22) S and 6 4 1 (7) 8-5 (6) 5-3 (13) April, 1960 , ferred from because of the widely spreading epidemic due to a y to spread staphylococcus of phage type 53/77 and the lack of he isolation sufficient isolation accommodation. The prophylaxis ie when the was continued until October, 1960. The wound sepsis ind several rate during the whole period April to October was 5.6% ly became (on 356 operations). Eight of the 20 cases of sepsis rriers, and were due to type 53/77, so that the sepsis rate for other soap were types was about 3.5% that is, the same as the overall this regime rate for the non-neomycin period. Moreover, the sepsis six months rate on 96 operations performed after the end of the tbreak were 53/77 epidemic in mid-May was as high as 7.3%. The isition from introduction of the neomycin and hexachlorophene 3 to 9.5 per prophylaxis appeared to eliminate the type 53/77 main ward staphylococcus and terminate that epidemic. However, respectively. during the subsequent period it had no detectable effect infections in reducing the total post-operative sepsis rate ; it is, ources were however, curious that of the seven septic wounds er had been occurring in patients on prophylaxis, four were infected before the with staphylococci sensitive to penicillin and tietracycline. n may have Of 92 patients under neomycin prophylaxis after the Inrecognized end of the 53/7.7 epidemic, 37 (40%) were at some conventions. time nasal carriers of staphylo.occi. This may be vious seven compared with 5-5% for similar patients not giv-en n were part chemoprophylaxis.
w 8 1 MEDICAL JOURNAL Discussion On the face of it the results of our attempt to control staphylococcal cross-infection by isolation are disappointing: a post-operative wound-infection rate of 3.8 % in a ward in which all patients known to be harbouring tetracycline-resistant strains were isolated, compared with a rate of 4.5% in a ward where no isolation was practised. But we need to consider not only whether the isolation was actually effective in restraining the spread of staphylococci but also how much we could have hoped to achieve by our isolation methods at their best, and the extent to which a similar system could ever be applied in a general hospital routine.
The effect of an alteration in technique is necessarily difficult to establish by comparing the experience of patients in only two wards, and none of our conclusions can be more than tentative. Apart from the difference in isolation policy between the wards, there may have been other unrecognized differences in management which affected our results. This proviso has to be borne in mind in all our comparisons between the wards when we attribute the observed differences to the isolation policy.
There was one important difference, which we can allow for-namely, the different operations performed on the patients in the two wards. There were 331 operations on patients in the isolation ward and 460 on patients in the non-isolation ward having one or other of seven common operations. The sepsis rate on these operations was 6.1 in the non-isolation ward and 2.7% in the isolation ward. The sepsis rate to be " expected " in the isolation ward, calculated by applying to each group of operations the rate observed in the non-isolation ward, was 5.10%. Though not statistically significant, the figures suggest a halving of the sepsis rate.
In the isolation ward the operations excluded from the common list had a higher-than-average sepsis rate (4.7%). [f we assume that the sepsis had been reduced among these operations by the same proportion as among the common operations, the sepsis rate in a control ward with a similar distribution of operations and with the conditions of our non-isolation ward might have been about 8. 2% (58/708 -from the time of admission to the ward. Elimination of all cross-infection with epidemic strains would have prevented 11 of the 27 cases of sepsis in ward B, again reducing the sepsis rate from 3.8% to 2.3%.
In sum, then, the records suggest that if the ward had not followed an isolation policy at all there might have been 58 cases of wound sepsis, and if it had been completely successful in preventing cross-infection from patient to patient there might have been only 16. The observed number was 27.
A part of the sepsis regarded as unavoidable in the previous analysis is due to the patients' own staphylococci. Part is probably also due to cross-infection in the operating-theatre, though very few of our patients developed their sepsis with the signs of fever soon after operation and deep pus that are characteristic of theatre infections ; in over half the cases the appearance of sepsis was delayed for more than 10 days. Nevertheless we cannot exclude infection in the operatingtheatre or soon afterwards as quite unimportant. Some cases of infection may also be due to infection from the medical and nursing staff in the wards. These were outside our investigation, but the small proportion of acquisitions by patients at times in our epidemics when we knew of no carrier or lesion among patients (58/378, Table VII) does not point to a large reservoir in the staff.
That the isolation rooms were probably reasonably effective in preventing the escape of staphylococci from patients nursed in them is shown not only by the tracer experiments but also by the fact that when all known infected patients were in isolation the cross-infection rate was reduced to the same level as that found during periods in the middle of epidemics when there were no known carriers present in the ward. One must presume that the residual cross-infection is attributable to undetected carriers present in the ward.
Although our observations were not continued long enough to provide unequivocal results, it seems that the isolation rooms with ventilation, when properly used, were probably effective in limiting the spread of staphylococci from patients nursed within them, and this was as true of the isolation rooms within the ward as of the side-wards. If confirmed this is important, since isolation rooms within an open ward are sometimes the only facilities available. We have the strong impression that some of our "escapes'" from isolation resulted from the switching off of the exhaust fan ; this certainly allowed the contaminated air from within the room to reach the main ward.
The main difficulty of an isolation policy became clear during our study; it is the difficulty, in many epidemics of ward infection, of detecting carriers who serve as reservoirs from which the spread is maintained. We could detect hardly any difference between carriers and patients with septic lesions as sources of cross-infection, and, though there might be greater differences in other circumstances, it seems to us inescapable that a control policy based simply on the isolation of patients with septic lesions must often fail. To detect all the dangerous carriers by swabbing is an expensive procedure and will frequently give the information too late as it often did in our own wards. The implication seems to be that, unless we perfer to protect patients against the acquisition of staphylococci in their nose by chemoprophylaxis, hospitals ought to be constructed so as to isolate as many as possible of the patients from one another, and in particular to protect newly admitted patients from exposure to those who have been in hospital long enough to acquire hospital staphylococci.
Summary
The natural history of staphylococcal infection was studied in three male surgical wards, in two of which an attempt was made to isolate all patients known to carry or be infected with tetracycline-resistant staphylococci. One of the wards was provided with four exhaustventilated cubicles for isolation purposes.
The introduction of cotton blankets, washed at frequent intervals, into one of the wards had no detectable effect.
Patients who acquired staphylococci in their nose during their stay in hospital developed staphylococcal sepsis more than five times as often as those who did not. In most cases the nasal colonization preceded the sepsis. The patients who acquired staphylococci also had a higher incidence of non-staphylococcal sepsis, but this appeared to be associated with prolonged stay in hospital.
The post-operative sepsis rates were compared in patients having operations performed with comparable frequency in one of the isolation wards, and in the nonisolation ward. The rates were 2.7 and 6.10/,% respectively; the difference of 3.4% does not reach the level of statistical significance.
Patients in the isolation wards became nasal carriers of tetracycline-resistant staphylococci more slowly than those in the non-isolation ward.
There was some evidence that epidemic spread of staphylo2occi was less in the isolation wards than in the non-isolation ward.
When individual sources of infection were considered, it was found that nasal carriers were almost as important in generating cross-infection as patients with septic lesions. When all patients known to be sources of infection in the ward were isolated the incidence of cross-infection was apparently reduced. The exact magnitude of the reduction is difficult to determine because of the almost certain presence of undetected sources of infection in the ward. In an earlier study (Rubbo, Pressley, Stratford, and Dixson, 1960) it was suggested that air-borne bacteria were dispersed in hospital wards either as free organisnms or in association with fibre nuclei arising from personal clothing or bedclothing The present study is a continuation of this work. Here an attempt has been made to follow the spread of a marker organism in a hospital ward when its source, time of entry, and concentration in the ward are known. These conditions were met by introducing Staphylococcius citreuis into a bacteriologically clean ward and subsequently tracing its movement in that ward over a period of two days. In this way it was possible to compare the degree of environmental contamination which may arise when different types of textiles act as reservoirs of infection. At the same time the dispersion of naturally introduced Staphl. aureus was followed, and it was found that the movement of this organism closely paralleled that of the marker organism.
The main points which emerge from the present study are: (1) contaminated woollen blankets do not disperse organisms more freely than similarly contaminated cotton blankets ; (2) contaminated blankets, either woollen or cotton, disperse their organisms most effectively when covered by cotton counterpanes (quilt or bed-covers); and (3) the degree of airborne contamination of textiles depends largely on the presence of counterpanes and the manner in which they are handled.
Materials and Methods

Marker Organism
Staph. citreus was selected as a marker organiism for several reasons. First, the background count arising from sources other than those produced experimentally was extremely low and could be disregarded in all calculations. Secondly, the same selective medium could be used for Staph. auireus and Sttaphl. (itreus; thus the differentiation of the two species on pigmentation was not difficult. Thirdly, the survival time of Staphl. c:itrelus was quite adequate to cover the two-day period of our ward experiments. Finally, it was innocuous to patients and laboratory personnel.
